22 23 24 25 RUNNING TITLE 26 Contralateral endoscopic approach to intraventricular csf cysts 27 28 29 2 ABSTRACT 30 Object: The endoscopic fenestration of intraventricular cerebrospinal fluid (CSF) 31 cysts has evolved into a well-accepted treatment modality. However, definition of the 32 optimal trajectory may be difficult. Distorted ventricular anatomy and poor visibility 33 within the cyst due to its contents can make endoscopic fenestration challenging if 34 approached from the ipsilateral side. In addition, transcortical approaches can 35 theoretically cause injury to eloquent cortex, particularly in patients with dominant-36 sided lesions. The aim of this study was to examine the value of the contralateral 37 transcortical transventricular approach in patients with dominant-sided ventricular 38 cysts. 39 Methods: During a five-year period between 2007 and 2011, 31 patients with 40 intraventricular CSF cysts underwent surgery by the senior author (RR), of which 14 41 patients had cysts located on the dominant-side. An image-guided endoscopic cyst 42 fenestration via the contralateral transcortical transventricular approach was 43 performed in 11 patients. A retrospective chart review was performed in all patients to 44 extract data on clinical presentation, operative technique, and surgical outcome.
Introduction 61
Neuroendoscopy is widely accepted as a safe and effective treatment modality for 62 intraventricular cystic lesions in modern neurosurgery 2, 6, 8, 9, 14, 15, [17] [18] [19] [20] 23 . In cases of 63 suspected malignancy the indications for neuroendoscopy are still contentious, 64 though there may be a role in tumor biopsy, cytoreduction, and the management of 65 secondary hydrocephalus 2, 6, 8, 9, 14, 18, 20, 23 . In benign disease such as cerebrospinal fluid 66 (CSF) cysts, however, neuroendoscopic approaches may be curative 2, 8, 9, 15, 17, 19 . 67 Although usually termed CSF or arachnoid cysts, they can contain CSF-like fluid, and 68 the cells lining their walls may derive from the arachnoid, ependyma or choroid 69 plexus; most are thought to be congenital reflecting some degree of aberrant brain Fenestration of CSF cysts using a purely endoscopic technique has also been 76 reported increasingly 2, 8, 19 . In most cases, endoscopic fenestrations are performed via 77 an ipsilateral transcortical transventricular approach offering the shortest trajectory to 78 the cyst. However, anatomical orientation upon entering a ventricle which is occupied 79 by a large cyst is often challenging, and visualization may be obscured as a result of 80 the proteinaceous cyst contents. Furthermore, in patients with CSF cysts located in 81 the dominant hemisphere a conventional ipsilateral approach can cause approach-82 related injury to eloquent cortex, and is theoretically associated with an increased risk 83 of neurological deficits.
84
In this study, we retrospectively review a series of patients with intraventricular CSF 85 cysts located on the dominant hemisphere that underwent image-guided endoscopic 86 fenestration via a novel contralateral approach in order to improve intraventricular 87 orientation and visualization, as well as reduce the risk of approach-related morbidity 88 to the dominant hemisphere. 
96
A Magnetic Resonance Imaging (MRI) scan was performed as standard for planning 97 of the procedure. The contralateral transcortical transventricular approach was only 98 planned if 1) the right lateral ventricle still offered sufficient space to maneuver the 99 neuroendoscope, 2) the midline could be crossed safely, 3) the planned approach Aesculap AG, Tuttlingen, Germany). The overflow channel was also used as a 134 secondary working pathway, thus allowing bimanual tissue dissection.
135
After penetration of the right lateral ventricle with the rigid endoscope, the septum 136 pellucidum was exposed and fenestrated with the aid of a bipolar electrode, as well 137 as grasping and cutting instruments. Upon entering the contralateral ventricle, the 138 wall of the cyst was shrunken with coagulation, and then opened with sharp scissors.
139
The ventricular chamber on both sides was then visualized confirming the unhindered 140 CSF-flow into the third ventricle ( Fig.3) . After removing the endoscope, the burr hole 141 was closed with a titanium plate, and the wound approximated with sutures.
142
The postoperative course was uneventful and the patient showed rapid regression of 143 all preoperative clinical symptoms. Three months after surgery, neuropsychological The most common presenting symptom was headache (8/11), followed by memory 155 deficits (5/11). One patient suffered from herniation of the dominant hemisphere 156 resulting in severe neurological deficits (see illustrative case). The diagnosis was 157 made incidentally in 3 cases.
158
In 10 patients a detailed preoperative neuropsychological examination was 159 performed, revealing signs of cognitive deficits in 8 cases. These deficits mainly 160 consisted of mental slowing, loss of attention span and impaired short term memory. The use of endoscopes for the treatment of cystic intracranial lesions has gained 215 broader acceptance in modern neurosurgery 2, 6, 8, 9, 14, 15, [17] [18] [19] [20] 23 . Although available 216 neuroendoscopic equipment is rapidly advancing, the use of rigid instruments 217 8 through narrow working channels is entirely co-axial, and most neurosurgical 218 approaches leave little room for maneuver, making tissue manipulation challenging.
219
CSF cysts may therefore be considered as prime candidates for endoscopic 220 fenestration since the operation does not involve extensive tissue resection, and 221 cysts and ventricles offer sufficient CSF space to maneuver the endoscope.
222
Talamonti et al reported a high rate of clinical improvement (40/44; 91%) and 223 reduction of cyst size (37/44; 74%) with no mortality and no permanent morbidity in 224 endoscopically treated patients with developmental intraventricular cysts. 19 In their 225 publication, the choice of the optimal approach is however not elaborated in detail. in these cases.
234
In our study we present a series of 11 patients, each with a space-occupying CSF 235 cyst on the dominant-side, who underwent image-guided endoscopic fenestration via 236 a contralateral transcortical transventricular approach.
237
The absence of significant postoperative morbidity or recurrent cyst-related 238 symptoms in this case series is promising, supporting the continued use of the 239 contralateral transcortical transventricular approach for dominant-hemisphere cysts. 240 We consider a number of preconditions necessary for success when utilizing the 241 contralateral approach. Careful case selection is essential, to ensure that there is 
